Two Gram-stain-positive bacterial isolates, strain 2385/12 T and strain 2673/12 T were isolated from a tapir and a dog's nose, respectively. The two strains were rod to coccoid-shaped, catalase-positive and oxidase-negative. T showed a quinone system consisting predominantly of menaquinones MK-8(H 2 ) and MK-9(H 2 ) whereas strain 2673/12 T contained only MK-8(H 2 ) as predominant quinone. The polar lipid profiles of the two strains showed the major compounds phosphatidylglycerol, diphosphatidylglycerol and an unidentified glycolipid. Phosphatidylinositol was identified as another major lipid in 2673/12 T whereas it was only found in moderate amounts in strain 2385/12 T . Furthermore, moderate to minor amounts of phosphatidylinositol-mannoside, b-gentiobiosyl diacylglycerol and variable counts of several unidentified lipids were detected in the two strains. Both strains contained corynemycolic acids. The polyamine patterns were characterized by the major compound putrescine in strain 2385/12 T and spermidine in strain 2673/12 T . In the fatty acid profiles, predominantly C 18 : 1 v9c and C 16 : 0 were detected. The two strains are distinguishable from each other and the nearest related established species of the genus Corynebacterium phylogenetically and phenotypically. In conclusion, two novel species of the genus Corynebacterium are proposed, namely The genus Corynebacterium was first described by Lehmann & Neumann (1896) and consists of Gram-positive rods. Chemotaxonomic characteristics of the genus include a quinone system consisting of mono-saturated menaquinones with eight and/or nine isoprenoid units in the side chain ) and/or MK-9(H 2 )] (Collins & Jones, 1981; Bernard & Funke, 2012) , peptidoglycan variation A1c with the diagnostic diamino acid meso-diaminopimelic acid (Bernard & Funke, 2012) , and usually mycolic acids with a length of 22-38 carbons (Collins et al., 1982) .
In this study, we describe two strains, 2385/12
T and 2673/12 T , which were isolated from veterinary sources, and show that the strains represents two novel species of the genus Corynebacterium.
During a study regarding unusual bacterial isolates from clinical specimens of diseased animals submitted to the Clinical Diagnostic Unit of the Institute of Bacteriology, Mycology and Hygiene at the Veterinary University, Vienna, two strains were isolated which could not be identified during routine diagnosis. One strain designated 2385/12 T was recovered from a sample taken from the tonsil of a tapir. The second strain, 2673/12 T , was isolated from a dog's nose swab. The two strains grew well aerobically on 3.36PYE agar (0.99 % peptone from casein, 0.99 % yeast extract, 1.5 % agar, pH 7.2) at 28 8C and in the corresponding liquid medium. The strains also grew on Columbia III agar (BD) supplemented with 5 % sheep blood without showing haemolysis, but did not grow on MacConkey II agar (BD). Growth under anaerobic conditions was tested in an anaerobic jar using AnaeroGen (Oxoid) on 3.36PYE agar. The CAMP test was carried out according to Smibert & Krieg (1994) T was weakly CAMP positive with the type strain of S. aureus and highly CAMP positive when tested with the MRSA isolate. Gram-staining was carried out using Gramcolour (Merck) according to manufacturer's instructions. The two strains stained Gram-positive and these results were confirmed in the KOH lysis test (Moaledj, 1986) . The presence of oxidase was tested using DrySlide Oxidase (BD) and the two strains tested negative. The presence of catalase activity was tested with a drop of 3 % H 2 O 2 directly applied to the colonies; the development of bubbles demonstrated that the two strains were positive for catalase. Microscopic observations of the cells with a Leitz Dialux 20 microscope at 61000 magnification showed that strains 2385/12
T and 2673/12
T exhibit a rod to coccoid shape. The two isolates were subjected to phenotypic characterization using API Coryne as recommended by the manufacturer. The resulting code for strain 2385/12 T was 3311325 and 1000324 for strain 2673/12 T . Further physiological testing was carried out according to Kämpfer et al. (1991) T based on its ability to hydrolyse pNP-b-D-glucuronide and pNP-a-D-glucopyranoside which is in agreement with the results from API Coryne for the corresponding test (b-glucuronidase, a-glucosidase).
Utilization of trehalose and maltitol, nitrate reduction, production of acid from ribose, inability to utilize acetate, 4-aminobutyrate, citrate, L-alanine, L-aspartate and L-histidine, and absence of pyrrolidonyl arylamidase distinguished strain 2385/12
T from its closest relative C. singulare. Strain 2673/12 T was distinguishable from its closest relative C. humireducens based on its ability to utilize D-mannose, and in the API Coryne test to reduce nitrate and produce acid from maltose, the inability to utilize acetate or DL-lactate, and the absence of pyrazinamidase, pyrrolidonyl arylamidase and alkaline phosphatase activities.
The 16S rRNA genes of the novel isolates were amplified using universal primers 27f and 1494r (Lane, 1991) . The PCR mix consisted of 30 ml REDTaq ReadyMix PCR Reaction Mix with MgCl 2 (Sigma-Aldrich), 37.5 pmol of each primer (Invitrogen), 2.5 ml DNA and 26.2 ml sterile water. Amplification started with an initial denaturation step at 95 8C for 5 min, followed by 30 cycles of denaturation at 94 8C for 1.5 min, annealing at 53 8C for 1.5 min and elongation at 72 8C for 5 min, and a final elongation step at 72 8C for 10 min.
The PCR products were purified using Wizard SV For analysis of the phylogenetic positions of the two strains, 16S rRNA gene sequences of the type strains of 53 species of the genus Corynebacterium that showed sequence similarities higher than 95.0 % at least with one of the novel strains, were aligned using CLUSTAL W (included in BioEdit; Hall, 1999) and manually edited for ambiguous nucleotides and gaps using BioEdit (Hall, 1999) . Phylogenetic relationships of strains 2385/12 T and 2673/12 T were analysed applying maximum-likelihood, neighbour-joining and maximumparsimony algorithms provided in the program MEGA 5.1 (Tamura et al., 2011) . In all three trees [ Fig T showed a closer relatedness to the type strain of C. doosanense than to the type strain of C. singulare which was identified as the nearest relative of strain 2385/12 T based on highest 16S rRNA gene sequence similarity. However, only in the neighbour-joining tree was the common branching node of strain 2385/12 T and C. doosanense CAU 212 T supported by a significant bootstrap value (76 %). In the other two trees, the bootstrap value was below 60 % (result not shown) which does not provide statistical support for a closer relatedness between strain 2385/12 T and C. doosanense CAU 212 T . The discrepancy between 16S rRNA gene sequence similarities and indicated phylogenetic relatedness is most likely due to the fact that after editing the sequences for ambiguous nucleotides and gaps, the sequence similarities between strain 2385/12
T and the type strains of the next two related species, C. singulare CCUG 37330 T and C. doosanense CAU 212 T , were almost identical (97.0 and 97.1 %, respectively). The close relatedness between strain 2673/12
T and the type strain of C. humireducens as indicated from high 16S rRNA gene sequence similarity is shown in the maximum-likelihood tree ( Fig. 1 ) and in the neighbour-joining tree (data not shown) as well.
Since strain 2673/12 T and C. humireducens DSM 45392 T shared 16S rRNA gene sequence similarity .97 %, DNA-DNA hybridization was carried out according to Ziemke et al. (1998) , with the modification that for nick translation 2 mg DNA was labelled during a 3 h incubation at 15 8C. The two strains showed only 30.5 % DNA-DNA relatedness (reciprocal: 21.4 %). These results unambiguously demonstrate that strain 2673/12 T is also a representative of a so far not described species.
Biomasses used for the extraction of peptidoglycan diamino acid, quinones, polar lipids, polyamines and mycolic acids were harvested from cultures grown at 28 8C in 3.36PYE broth. The diamino acid was determined according to the protocol of Schumann (2011) suitable to detect specifically diaminopimelic acid. Quinones and polar lipids were extracted and analysed as described by Tindall (1990a, b) and Altenburger et al. (1996) . Polyamines were extracted and analysed as described by Busse & Auling (1988) and In the API Coryne system, all strains were positive for catalase and production of acid from glucose, but negative for acid production from D-xylose, D-mannitol and lactose. All strains were negative for the hydrolysis of aes- Hydrolysis of:
*API Coryne results for C. singulare, C. doosanense and C. humireducens from Riegel et al. (1997) , Lee et al. (2009) and Wu et al. (2011) , respectively.
Two novel species of the genus Corynebacterium Altenburger et al. (1997) . HPLC equipment used for analyses of quinones and polyamines was described by Stolz et al. (2007) . Mycolic acids were extracted and analysed as described by Frischmann et al. (2012) . Production of biomass, extraction and analysis of fatty acids was carried out as described previously (Kämpfer & Kroppenstedt, 1996) . The physiological/biochemical characterization was performed to assess the carbon-source utilization pattern and hydrolysis of chromogenic substrates according to Kämpfer et al. (1991) .
Both, strain 2385/12 T and strain 2673/12 T exhibited exclusively the diagnostic diamino acid meso-diaminopimelic acid. Also C. humireducens DSM 45392
T which was described without information on the peptidoglycan diamino acid, exhibited the presence of meso-diaminopimelic acid. The quinone systems of the two novel strains exclusively contained menaquinones. The quinone system of strain 2385/12 T was composed of 55 % MK-9(H 2 ), 35 % MK-8(H 2 ), 5 % MK-10(H 2 ) and 5 % MK-7 (H 2 ), whereas that of strain 2673/12 T contained 84 % MK-8(H 2 ), 11 % MK-9(H 2 ) and 5 % MK-7(H 2 ). These two quinone systems are in line with those listed for the genus Corynebacterium (Bernard & Funke, 2012) which was described to contain species with MK-8(H 2 ) or MK-9(H 2 ) or both. A quinone system rather similar to that of strain 2385/ 12 T was detected in the type strain of C. singulare, the closest relative of strain 2385/12 T as indicated from 16S rRNA gene sequence similarity. The quinone system of the type strain of C. singulare was composed of 59 % MK-9(H 2 ), 35 % MK-8(H 2 ), 4 % MK-10(H 2 ) and 2 % MK-7(H 2 ). The type strain of C. humireducens showed a quinone system which was almost identical to that of its closest relative, strain 2673/12 T , consisting of 84 % MK-8(H 2 ), 12 % MK-9(H 2 ) and 5 % MK-7(H 2 ). Hence, the quinone systems reflected the close relatedness between the two isolates and their closest relatives as suggested from 16S rRNA gene sequence similarities.
Strains 2385/12
T and 2673/12 T and the reference strains C. singulare CIP 105491 T and C. humireducens DSM 45392 T each showed complex polar lipid profiles (Fig. 2) . Strain 2385/12 T exhibited phosphatidylglycerol, diphosphatidylglycerol and an unidentified glycolipid (GL2) as major compounds. Moderate to minor amounts phosphatidylinositol, phosphatidylinositol-mannoside, b-gentiobiosyl diacylglycerol (GL11), an unidentified aminophospholipid, an unidentified aminoglycolipid, six unidentified glycolipids and eight unidentified polar lipids, only visible after staining for total lipids, were also detected (Fig. 2a) . Strain 2385/12 T could be distinguished from the reference strain C. singulare CIP 105491 T (Fig. 2b) in containing the glycolipids GL3 and, 
DSM 45392 T (d).
Total lipids were visualized after two-dimensional TLC applying molybdatophosphoric acid. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PI, phosphatidylinositol; PIM, phosphatidylinositol-mannoside; GL11, b-gentiobiosyl diacylglycerol; AGL, unidentified aminoglycolipid; APL, unidentified aminophospholipid; AL1-7, unidentified aminolipids; L1-14, unidentified polar lipids only visible after total lipid staining; GL1-17, unidentified glycolipids. Circles indicates glycolipids, which were only visible on the original thin-layer plate and after staining for glycolipids.
GL4, lacking GL8 and aminolipid AL4, and based on the presence/absence of several minor lipids and the significantly lower content of phosphatidylinositol and phosphatidylinositol-mannoside.
In comparison to strain 2385/12 T , the polar lipid profile of strain 2673/12 T contained less lipids. The major compounds were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol and, like in strain 2385/12 T , the unidentified glycolipid GL2. Moderate to minor amounts of phosphatidylinositol-mannoside, b-gentiobiosyl diacylglycerol (GL11), phosphatidylethanolamine, the unidentified aminoglycolipid (AGL), four unidentified glycolipids and three unidentified polar lipids were also detected (Fig. 2c) . Major lipids distinguishing C. humireducens DSM 45392 T (Fig. 2d ) from strain 2673/12
T were the presence of two unidentified aminolipids (AL1, AL2) and the high amount of phosphatidylinositol. These four polar lipid profiles are well in agreement with those reported for other species of the genus Corynebacterium, including Corynebacterium efficiens (Frischmann et al., 2012) . Relative to phosphatidylglycerol, glycolipid GL11 showed a chromatographic motility similar to the major glycolipid of staphylococci which was identified as b-gentiobiosyl diacylglycerol (Nahaie et al., 1984) . In order to confirm the presence of b-gentiobiosyl diacylglycerol in the corynebacterial strains analysed in this study, extracts of strain 2385/12 T and Staphylococcus petrasii CCM 8418 T , which had been shown to contain this glycolipid (Pantů ček et al., 2013), were co-chromatographed. Since no different glycolipid spots were visible after chromatography and staining for glycolipids, glycolipid GL11 was identified to be b-gentiobiosyl diacylglycerol (results not shown). ]. These patterns with overall relatively low amounts of polyamines and varying major polyamines are in line with the polyamine patterns reported for other species of the genus Corynebacterium (Altenburger et al., 1997 The fatty acid profiles (Table 2) were composed predominantly of the fatty acids C 18 : 1 v9c and C 16 : 0 . This is in accordance with fatty acid profiles reported for C. singulare (Riegel et al., 1997) and C. humireducens (Wu et al., 2011) .
In the tests for carbon-source utilization and hydrolysis of chromogenic substrates, the four strains tested were positive in only few traits, but each of the two isolates was physiologically distinguishable from its nearest neighbour (Table 1) T and 2673/12 T are considered to represent two novel species of the genus Corynebacterium, for which the names Corynebacterium tapiri sp. nov. and Corynebacterium nasicanis sp. nov., respectively, are proposed.
Description of Corynebacterium tapiri sp. nov.
Corynebacterium tapiri (ta.pi9ri. N.L. gen. n. tapiri of Tapirus, named after the tapir from which the type strain was isolated).
Cells are short rods or coccoid-shaped showing Grampositive behaviour. Growth is observed under aerobic and anaerobic conditions. Catalase-positive and oxidasenegative. Motility could not be observed under the microscope. Grows on 3.3|PYE agar, where the cells form greyish to whitish, circular, opaque colonies. Growth occurs on Columbia III agar supplemented with 5 % sheep blood, but without haemolysis. Does not grow on MacConkey agar. The polar lipid profile is composed of the major compounds phosphatidylglycerol, diphosphatidylglycerol and an unidentified glycolipid, and moderate to minor amounts of b-gentiobiosyl diacylglycerol, phosphatidylinositol, phosphatidylinositol-mannoside, an unidentified aminophospholipid, an unidentified aminoglycolipid, seven unidentified glycolipids and eight unknown polar lipids. The major polyamine is putrescine. The quinone system contains major amounts of menaquinones MK-9(H 2 ) and MK-8(H 2 ). Corynemycolic acids are present. In the fatty acid profile, predominantly C 18 : 1 v9c, and Corynebacterium nasicanis (na.si.ca9nis. L. masc. n. nasus nose; L. gen. n. canis of a dog; N.L. gen. n. nasicanis of the nose of a dog).
Cells are short rods or coccoid-shaped showing Grampositive behaviour. Growth is observed under aerobic conditions but not under anaerobic conditions. Catalasepositive and oxidase-negative. Motility could not be observed under the microscope. On 3.3|PYE agar, the cells form whitish, circular, opaque colonies. Grows on Columbia III agar supplemented with 5 % sheep blood but without haemolysis. Does not grow on MacConkey agar. The polar lipid profile is composed of the major compounds phosphatidylglycerol, phosphatidylinositol, diphosphatidylglycerol and glycolipid GL2, and moderate to minor amounts of phosphatidylinositol-mannoside, phosphatidylethanolamine, b-gentiobiosyl diacylglycerol, an unidentified aminoglycolipid, three unidentified glycolipids and three unidentified polar lipids. The major polyamine is spermidine. The quinone system contains predominantly menaquinone MK-8(H 2 ). Corynemycolic acids are present. In the fatty acid profile, C 18 : 1 v9c and C 16 : 0 are predominant, C 16 : 1 v7c and/or is-C 15 : 0 2-OH is found in moderate amounts, and C 18 : 1 v7c and C 17 : 1 v8c in minor amounts. The diagnostic diamino acid of the peptidoglycan is mesodiaminopimelic acid. Positive for utilization of N-acetyl-Dglucosamine, D-fructose, D-glucose, D-mannose, maltose, Two novel species of the genus Corynebacterium
